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Hyperon non-leptonic weak decay amplitudes are studied in the chiral perturbation theory. 
The weak interaction vertices caused by the four quark operators are substituted by the 
products of the hadronic currents and by the phenomenologically introduced weak Hamiltonian 
of hadron operators. Our study suggests the improvement of the theoretical prediction for the 
weak decay amplitudes. 



1. Introduction 

The chiral perturbation theory is applied to many hadron phenomena, and succeed to 
reproduce the experimental data. This theory is applied to the analysis of hyperon non-leptonic 
weak decays. But this theory cannot reproduce the experimental data[l,2]. In the previous 
paper [3], we use the chiral perturbation theory as the non-perturbative QCD correction for the 
weak interaction. The quark four point vertices are substituted by the product of the hadron 
currents which is derived by the chiral perturbation theory. We can reproduce the suppression 
of the AI = 3/2 amplitudes. But this method cannot reproduce the AI =1/2 amplitudes. It 
suggests that the product of the hadron currents cannot reproduce all the four point vertices of 
the quark operators. In this study, we construct the effective weak Hamiltonian which cannot 
be represented by the product of the hadron currents, and consider the role of the effective 
Hamiltonian. 

This paper is organized as follows. In section 2 we construct the effective weak Hamiltonian. 
Section 3 presents the numerical analysis and discussion on the hyperon non-leptonic weak 
decay amplitudes. Section 4 concludes the paper with the comment on the effective weak 
Hamiltonian using the chiral perturbation theory. 

2. The effective weak Hamiltonian 

2.1. The current-current interaction 

In order to apply the standard theory to the hyperon non-leptonic weak decay, the momen- 
tum transfer scale of the weak interaction vertex is changed with the renormalization group 
method. This method constructs the effective weak Hamiltonian including the perturbative 
QCD correction to the weak interaction[4,5]. This Hamiltonian is represented by the four 
point vertices of the quark operator. 

Applying the four quark vertex to the hyperon non-leptonic weak decay, we can derive 
two types of the diagrams, which are shown in Fig. 2.1. In order to derive the effective weak 
Hamiltonian with the chiral perturbation theory, the quark lines, which have color index, are 
substituted by the hadron operators which are color singlet. The diagram in Fig. 2.1(a) can 
be substituted by the product of the hadron currents, but the diagram in Fig. 2.1(b) cannot 
be represented by it. For the construction of the effective weak Hamiltonian of the diagram 
in Fig. 2.1(b), we introduce the two ansatz. 

1. Applying Fierz transformation to the diagrams in Fig. 2.1, the diagram (b) is 
changed to the product of the color singlet quark currents. And this product is 
substituted by the product of the hadron currents. 

2. For the residual effect of the ansatz 1, we introduce the phenomenological effective 
weak Hamiltonian which has parameters. 
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In the following, the effective weak Hamiltonian described by the product of the hadron 
currents is called as the current-current interaction, and the effective weak Hamiltonian derived 
by the ansatz 2 is called as the internal interaction. 

Using the above ansatz and the heavy baryon formalism of the chiral perturbation theory, 
the effective weak Hamiltonian is given by 

n/AS=l _ n/AS=l , q_/AS=l (C) i \ 

n eff ~ n current~t- ^int 

^■current = 51 K r O r , (2-2) 

V2 r=1 

where the coefficients K r is shown in Table 2.1. The operators O r are given by 

0i = 1(JIUl"-JIIJ^ 



3 = 3 (A/=l/2) 

_ 4 / 723 7H/* i 7-13 ^21(1 sj-23 rf22^ o 723 /7-33/A 

4 = 3 (A/ = 3/2) 



20 / 723 rrWlX _,_ 7I3 rr2\\X rr2\ rr22p\ 

~~\JluJl ^JluJl ~Jlu,Jl 



"9" \yL\i<JL T ULpOL ~~ <JLn<JL J 

5 = o 51 + o 52 + o 53 

Obi = ( + Jg^ 1 + (2.3) 
n — —1 ( t 21 t 13 1 7-22 7-23 1 7-23 7-33 A 

<^52 — 3 Wo(S+iP)' J 0(S-iP) ^OiS+iP^OiS-iP) J Q{S+iP) J O(S-iP) ) 

CI — _2 / 7-2I 7-13 1 7-2I 7-13 1 7-22 /r23 

<^53 — 3 \<J2(S+iP) J $(S-iP) J$(S+iP)J2(S-iP) J2(S+iP)JQ(S-iP) 

_i_ 7-22 7-23 1 7-23 7-33 1 7-23 7-33 A 

~^J(){S+iP) J 2(S-iP) J 2{S+iP) J 0{S-iP) J 0{S+iP) J 2(S-iP)) 

6 = 6 i + 62 

n — _32 ( 7-21 713 1 722 723 1 723 733 "\ 

^61 — 9 \<JQ{S+iP)JQ{S-iP) <- y 0(5+iP)<- y 0(5-iP) J 0{S+iP)J 0(S-iP) ) 

n — _32 ( 721 7I3 I 721 7I3 I 722 723 

^62 — 9 \>J 2 (S+iP)<- J 0(S-iP) <- y 0(5+iP)«- y 2(5-iP) <- y 2(5+iP)<- y 0(5-iP) 

, 722 723 1 723 733 1 723 733 A 

~^^0(S+iP)^2(S~iP) J 2(S+iP) J 0{S-iP) J 0{S+iP) J 2(S-iP)) 

Jg = T±u„B v [Z% j Z,B v ]-2DTrB v S vli {tfh ij Z,B v } 
-2FTrB v S v ^ \^h^. B v 

-v,T» (^hijt) T vu - mfZS vlx (th^) T vv (2.4) 
2C {T v ^ 

3% = Tr Vlx B v [£h^, B v ] + 2DTrB v S vli {^ t , 
+2FTr5^ [^t,S„" 

- VT* (^ f ) T w + 2HfZS vli T vv (2.5) 

+2C (f w fo^) B v + B v (thijtf) T vll ) 
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^(s+iP) — ^o(s+iP) + ^2{s+iP) ~ (2-6) 
Jols+iP) = a ^B v {tfhijtf, B v } + a 2 TrB v ^ , B v 

+a 3 Tr (B V B V ) Tr 



■fciT* (eW 1 ") ^ + ^T^Tr (^ft^t) (2.7) 
+|U Tr ^-Et) 
^-hp) = 25oL 4 Tr (p^ED^t) Tr (^s1 



3(S-iP) ~ <?0(S-iP) + ^2(S-iP) (2-9) 



^ols-iP) = aiRBv^hjZ, 5„ j + a 2 TiB v 
+a 3 Tr(B v B v ^Tr(th ij ^ 



+CiT; ^ T„ (1 + c 2 T»T vlx Tr ^ (2.10) 



+^S Tr(^E) 



jJjs-iP) = 25QL4TI (^ET^Et) Tr (^E) 

+2^0^^ ^p M E^EtE^ . (2.11) 
The flavor changing operator fajj is given by 

In the following, we consider the effective weak Hamiltonian for the internal interaction. 

2.2. Internal interaction 

The diagram in Fig. 2.1(b) suggests that the interaction is described by the two point 
baryon vertex. And it has the operator changing the flavor s — > d for the \AS\ = 1 weak 
decay. Therefor the effective weak Hamiltonian of the internal interaction is the extension 
of the two point baryon vertex. And this Hamiltonian has the flavor changing operator h 23 
between the baryon operators. If the internal interaction Hamiltonian depends on the meson 
momentum, the lowest order of the weak vertex becomes the three point vertex constructed 
by the one meson and two baryon operators. We adopt only the momentum independent 
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form for the internal interaction Hamiltonian in this study. The momentum dependent weak 
Hamiltonian is included in the current-current interaction. 

The quark level effective weak Hamiltonian has six type operators, 0\, • • • , Oq. If the inter- 
nal interaction is considered outside the baryon, we can observe only the net flavor changing 
process and we cannot distinguish six operators. The internal interaction Hamiltonian, 
therefore, is described by the summation of the six operators. It is known that the weak 
interaction has only V — A type symmetry [6]. This symmetry is represented by the transfor- 
mation symmetry of the operator h 23 . But in our method, Fierz transformation is applied to 
the quark level effective Hamiltonian, and the Hamiltonian includes the (S ± iP) symmetry 
mixing in operator 52 , 53 , 6 i and 62 in eq.( |2.1| ). Hence we consider the three types of 
the internal interaction Hamiltonian for the comparison. These Hamiltonians are given by 

nit 1 = ?Cr or Hj~ t A or H?± iP (2.13) 
nZ n = (h D TrB v {h 23 , B v } + h F TrB v [h 23 , B v ] + h c T£ (h 23 ) T VI ) (2.14) 



n-/V-A 
rl int 



-£/L (h D TrB v I (V«) ,B V } + h F TrB v [(V«) , B % 
+hcf% Uh 23 A T Vfl + h M Tr (B V B V ) Tr Uh 23 A + h N Tr (f£T vll ) Uh 23 £ 



(2.15) 



n/S±iP 
'''int 



= Jtt (h DS TrB v I + CW*) , B v } + h FS TrB v + ^ h 23 ^ , B v 

+h M s^ (B V B V ) Tr (thnt + £ f « f ) + h NS Tr + ^ h 23 ^ 

+h cs TZ Uh 23 i + t)h 23 A T v , (2.16) 



h DP TrB v I ({hat - e^saC 1 ) , A,} + h FP TrB v - ^ h 23 ^ , B. 



+h DP 

+h MP Tr (B V B V ) Tr (ffc 23 f - ^ h 23 ^ + h NP Tr (f£T v(t ) (£« - £ f « 
+h CP f^[^h 23 i-^h 23 ^T v , 

1~L™t has the minimum elements for the internal interaction and has three parameters hp, 
h F and he- n\~ t A has the V — A symmetry for the operator h 23 and has five parameters. 
7~Cfr^ lP has the symmetry mixing (S ± iP) for the operator h 23 . The number of parameters in 
this Hamiltonian is ten. In the following, using the effective weak Hamiltonian (|2.1| ) and the 
strong interaction Lagrangian (1) in Appendix, we calculate hyperon non-leptonic weak decay 
amplitudes derived from the tree diagrams and the one-loop diagrams. 
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3. Result and Discussion 



3.1. Numerical analysis 

Ordinary non-leptonic weak decay amplitudes are represented by 

M(B t -^B f + n) = G F ml+u f (A + B lb ) Ui . (3.1) 

But the heavy baryon formalism of the chiral perturbation theory has the following expression 

M (Bi ^B f + n) = ^U f (A + (q ■ S v )B)U t . (3.2) 

Hence we use the transformation equations 

A — ~ iG f f A 

and express the amplitudes in the ordinary form, which are also used in ref.[3]. The amplitudes 
are calculated in the tree level and the chiral logarithmic correction of the one-loop level with 
constants in Table 3.1. The computational method is the same as in ref.[3]. 

The parameters in the effective Hamiltonian are fitted by the experimental data and we 
can obtain hyperon weak decay amplitudes. In the experimental data, the number of inde- 
pendent data is eight. After the calculation of the diagrams, the current-current interaction 
Hamiltonian Torrent nas unknown parameters which are a±, a,2, and ci, and the numbers 
of unknown parameters in the internal interaction Hamiltonians 7"^™ t n , T~tYnt A an d T^m %P are 
3, 3 and 7, respectively. Other parameters do not appear in the hyperon decay amplitudes. 
The parameter ai and a 2 that appear in the scalar current are determined as a x = 29.1/m s 
and a 2 = — 94.8/m s , where m s is the strange quark mass. They are derived from the baryon 
mass difference with the chiral perturbation theory [7]. Therefor the effective weak Hamil- 
tonian Horrent + %inT an d ^tixlent + ^(nt A have 5 unknown parameters. It is possible to 
determine them by the experimental data. But the effective Hamiltonian Horrent + ^-tnt F nas 
9 unknown parameters and it is impossible to fix them exactly. In the following we take two 
steps to fix unknown parameters. First, introducing the assumption h MP = 0.0, the remaining 
8 parameters are fitted by the experimental data. Next, the parameter hup is fitted with 8 
experimental data. It is not sure that this method gives the best fitted value for the decay 
amplitudes. In this study, our aim is not to obtain the exact value of the decay amplitudes, 
but is to obtain the parameter dependence of the amplitudes and the characteristic of the 
effective weak Hamiltonian. 

After the parameter fitting, the obtained amplitudes and parameters are shown in Table 3.1 
and Table 3.2, respectively. In these tables, the amplitudes 'H 1 ™'™ and Ti^^^ are obtained by 
fitting 5 parameters in the effective weak Hamiltonian Horrent + ^-inT anc ^ ^ctrrent + T^Ynt A j 



6 




obtained by fitting 9 parameters, applying the above assumptions. Table 3.2 suggests that 



amplitudes caused by each operators in eq. ( [2.1|) are shown in Table 3.6 and 3.8. And the 
chiral logarithmic corrections caused by each operator are shown in Table 3.7 and 3.9. 

3.2. Discussion 

It is known that the chiral perturbation theory cannot reproduce the experimental data 
of hyperon non-leptonic weak decay amplitudes [2]. The effective weak Hamiltonians in the 
previous study include the momentum independent baryon vertices, which correspond to the 
internal interaction Hamiltonian T~CYnt A in our analysis, and the momentum dependent me- 
son weak vertices. Considering the products of the quark currents for the weak interaction, 
our effective Hamiltonian includes the momentum dependent baryon vertices and the effec- 
tive Hamiltonian which depend on the scalar and pseudo-scalar currents. Our effective weak 
Hamiltonian is, therefore, the extension of the weak Hamiltonian in ref . [2] . Newly introduced 
terms have the same form as in ref. [8]. But our method have the constraints between the 
unknown parameters since we use the Noether currents to construct the effective weak Hamil- 
tonian. In this paper we analyze the amplitudes caused by the internal interaction 'hC[ r ^ A and 
^■int lP since they reproduce the experimental data quite well. The amplitudes derived by both 
Hamiltonians have the following characteristics. 

1. It is large that the contribution of the chiral logarithmic correction in the one-loop 
graphs, which is shown in Table 3.4 and 3.5. 

2. In the P-wave amplitudes, there are large cancelations between the amplitudes 
caused by the octet and the decuplet weak vertices in the logarithmic corrections. 

3. In the chiral logarithmic corrections, there are cancelations between the amplitudes 
caused by the operators 6 i, 62 and 7"4»^ 5 ' _1 , which are shown in Table 3.7 and 



Our analysis suggests that the large cancelation improve the theoretical prediction of the 
decay amplitudes. And it is important to consider the effective weak Hamiltonian caused by 
the scalar and the pseudo-scalar currents. 

Using the coupling constants a x and a 2 which derived by the baryon mass difference in the 
chiral perturbation theory, it is difficult to reproduce the experimental data with the internal 



the amplitudes H^ tP and 7i^7 reproduce 
we consider the amplitudes derived by H^ 1 ' 
components of the amplitudes derived by "H in 




3.9. 
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interaction Hamiltonian 1~C(~ t A , which corresponds to the amplitudes in Table 3.2. If 

the constants a± and a 2 are considered as unknown parameters and fitted by the experimentally 
obtained hyperon decay amplitudes, the parameter a 2 becomes more than zero, which are 
shown in Table 3.3, and it contradicts the calculation of the baryon masses. In order to 
adopt the effective weak Hamiltonian Horrent + ^Ynt A f° r the hyperon weak decay, we have 
to consider the derivation of the parameters a± and a 2 . 

4. Conclusion 

Hyperon non-leptonic weak decays are analyzed with the chiral perturbation theory. For 
the weak interaction which happens inside the hyperon and cannot be described by the prod- 
ucts of the hadronic currents, we introduce three types of the phenomenological weak Hamil- 
tonian. One includes only the two point vertex of the baryon operators, and another includes 
V — A type weak interaction and the other includes S±iP type weak interaction. Our analysis 
suggests that the V — A and the S ± iP type Hamiltonian can reproduce the experimental 
data fairly well. We can get the outlook that hyperon non-leptonic weak decay amplitudes 
can be represented by the chiral perturbation theory. But there remains the following three 
questions. 

1. S ±iP type Hamiltonian looks like exceed the framework of the standard theory. 
How does it realize the S ±iP symmetry mixing in the weak interaction? 

2. In the V — A type Hamiltonian, the coupling constants a x and a 2 have the same 
sign, which contradict the sign derived by the baryon mass. What cause such a 
contradiction? How can we get the exact values of a x and a 2 ? 

3. We use the constants in ref.[3] for the numerical analysis. There is an ambiguity 
in the quark condensation value B . In order to reproduce the experimental data 
exactly, the B value has to be decided. 
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Appendix. The Strong Interaction Lagrangian 



The strong interaction Lagrangian in the heavy baryon formalism in the chiral pertur- 
bation theory is given by [9, 10] 

Cstrong = ^Tr{(V^)(V^) + X ^ + ^ } 

+iTrB v (v ■ V)B V + 2DTrB v S£{A II , B v } + 2FTrB v S£[A ll , B v ] (1) 
-iT£(v ■ V)T VIX + C (T»A,B V + B v A»Tjj) + mf^S vv A v T Vil 
+Amf^T V(i , 

where A^, and are represented by 

V^B v = d^B v + [V^,B v }. 
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Table 2.1 The values of the coefficients in the effective weak Hamiltonian ( |2.2| ). The 
values are taken from ref. [5]. The data set 1 corresponds to the choices m t = 200 [GeV] and 
Ho = 0.24[GeV], Aq C d = 0.10. The data set 2 corresponds to the choices m t = 200[GeV] and 
/io = 0.71 [GeV], Aqcd = 0.316. In both cases, no is defined so as to satisfy a s (/i 2 ) = 1. 





LldLd Deli L 




/i(GeV) 


0.24 


0.71 


A( 4 )(GeV) 


0.10 


0.316 


Ki 


-0.284 


-0.270 


K 2 


0.009 


0.011 


K 3 


0.026 


0.027 


K A 


0.026 


0.027 


K 5 


0.004 


0.002 


K 6 


0.004 


0.002 



Table 3.1 Hadron masses and coupling constants used in the numerical analysis of the 
hyperon decay amplitudes, m, M and f n correspond to the baryon mass, the meson mass 
and pion decay constant, respectively. Phenomenological coupling constants T>, T and 7i are 
taken from ref. [9,10]. The renormalized coupling constants L 4 and L 5 are taken from ref. [11], 
where the renormalization scale 47r/i 2 = 1.0 x 10 6 [MeV 2 ] is used. The constant Bo corresponds 
to the quark condensation value which is changed for the hyperon decay amplitudes [3]. 



m n 


= 939 [Me V], 


m s 


= 1193[MeV], 


m A 


= 1116[MeV] 


m~ 


= 1318[MeV], 


m A 


= 1232[MeV], 


m E * 


= 1385 [Me V] 


m=* 


= 1533[MeV], 


m n 


= 1672 [Me V] 






M n 


= 138[MeV], 


M K 


= 496 [Me V], 


M„ 


= 547 [Me V] 


D 


0.61, 


F 


0.40, 


C 


1.6 


n 


-1.9, 


u 


93[Mev], 


u 


= -0.3003 


L 5 


1.399, 


Bo 


= 139.14[MeV], 
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Table 3.2 The tree and one- loop level amplitudes. Second column corresponds the exper- 
imentally obtained data. Two types of the data set which is shown in Table 2.1 are used for 
the calculation of the S- and P-wave amplitudes. 



S-wave:data set 1 



process 


exp. 


%/min 
n int 


njV-A(l) 

n -int 


njV-A(2) 

n -int 


njS±iP 
n int 


xr 


1.93 ±0.01 


5.803 


5.124 


2.486 


2.469 




0.06 ±0.01 


-0.1616 


-0.1537 


-0.1609 


-0.1838 


s + 


-1.48 ±0.05 


-2.276 


-2.540 


-0.6831 


-0.7049 




-1.07 ±0.02 


0.9174 


0.1827 


-0.4942 


-0.4723 


A 


1.47 ±0.01 


0.6009 


0.9013 


1.875 


1.883 




-2.04 ±0.01 


-5.674 


-4.649 


-2.543 


-2.544 


^0 


1.54 ± 0.03 


2.089 


2.338 


0.8412 


0.8338 



S-wave:data set 2 



process 


exp. 


n_/min 
n int 


«,V-A(l) 
n -int 


n,V-A(2) 

n -int 


n_/S±iP 
n int 


XT 


1.93 ±0.01 


3.053 


3.455 


2.467 


2.460 




0.06 ±0.01 


-0.09894 


-0.09483 


-0.09799 


-0.1041 


S + 


-1.48 ±0.05 


-1.124 


-1.405 


-0.7102 


-0.7155 


A 


-1.07 ±0.02 


-0.2427 


-0.2096 


-0.4784 


-0.4669 


A 


1.47 ±0.01 


1.555 


1.499 


1.887 


1.886 




-2.04 ±0.01 


-3.152 


-3.393 


-2.535 


-2.534 


CO 
"0 


1.54 ± 0.03 


1.288 


1.463 


0.8527 


0.8478 



P-wave:data set 1 



process 


exp. 


rL int 


n,V-A(l) 

n int 


n,V-A(2) 
n int 


njS±iP 
n int 


XT 


-0.65 ±0.07 


1.400 


0.8779 


0.8624 


0.8623 


si 


19.07 ±0.07 


17.02 


17.50 


17.56 


17.56 


si 


12.04 ±0.58 


14.94 


14.12 


14.18 


14.18 


Ag 


-7.14 ±0.56 


-9.935 


-7.240 


-7.237 


-7.237 


A 


9.98 ± 0.24 


8.004 


9.922 


9.912 


9.912 




6.93 ±0.31 


8.796 


7.565 


7.569 


7.567 


■=■0 

"0 


-6.43 ± 0.66 


-3.792 


-5.507 


-5.526 


-5.529 



P-wave:data set 2 



process 


exp. 


n_/min 


n,V-A{l) 

' L int 


n,V-A{2) 

' L int 


njS±iP 
n int 


e: 


-0.65 ±0.07 


0.8957 


0.9010 


0.8955 


0.8957 


si 


19.07 ±0.07 


17.52 


17.50 


17.52 


17.52 


si 


12.04 ±0.58 


14.23 


14.20 


14.23 


14.23 


Ag 


-7.14 ±0.56 


-7.250 


-7.251 


-7.250 


-7.250 


A 


9.98 ± 0.24 


9.902 


9.906 


9.903 


9.902 




6.93 ±0.31 


7.566 


7.568 


7.570 


7.566 


■=•0 
^0 


-6.43 ± 0.66 


-5.530 


-5.518 


-5.525 


-5.530 
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Table 3.3 Parameters in the scalar and pseudo-scalar currents and in the internal interac- 
tion Hamiltonian. Two types of data set are used for the parameter fitting. The parameters 
are fitted with least square method for each effective Hamiltonian. 



■yivain 






«,V-A(1) 
' i int 






parameter 


data set 1 


data set 2 


parameter 


data set 1 


data set 2 


ho 


-2.1603E-1 


-1.5271E-1 


ho 


-2.4929E-1 


-1.9314E-1 


hp 


4.40O0i1j-1 


Z.801oi1j-1 


hp 


5.19381^-1 


2.doo5i1j-1 


n c 


1. / OOD-Cj 1 


1 1 71 zLTP 1 

1.11 14:11* 1 


he 


i.uoy0-cj i 


o.4tyoo 


Ctl 


1 Q/innT? 1 


1 Q/innT? 1 


a\ 


i.y^tuu-tj-i 


1 Q/inof? 1 


0*2 


-U.OZUUCj-1 


p. ^9nnTr 1 

-U.ozuurj-l 


0-2 


-U.ozuurj-l 


-U.OZUUHi-1 


&3 




O.oDIO-Cj 1 


0-3 


-J.oZ 1 


-o.D4ioy 


c l 


1 0071 TP 9 

±.uy / I-Cj z 


1 00937? 9 
l.UUZO-Cj z 


Cl 


1 09/101? 9 
-l.UZ4tUll/ Z 


9 ^71 RT? 9 
-Z.D / 10-Cj z 


n,V-A(2) 
n int 






n_jS±iP 






Ft A T* a TY1 pf" PT* 
JJCU OilllClCl 


flat a cpt 1 


Hat a apt 9 

V .1 r 1 1 f I Del £j 


parameter 


data set 1 


data set 2 


u 

llD 


-8.647orj-z 


-1.4oU7rj-l 


hos 


-1.44U0I1/-1 


1 Q7Q9TT 1 
-1.0 i\)Zth-L 


hp 


l.lUlyilj-Z 


4.0o24i1j-2 


hFS 


9 QS^fTF 1 


9 n^fi^T? 1 

Z.UODO-Cj-1 


he 


l.Uooyiij 1 


o. ( oUo 


hes 


^ 7787 
0.1 lot 


4 7Q7S 


ai 


6.2889E-2 


1.6273E-1 


hop 


-1.2303E-1 


-6.4850E-3 




8.6041E-2 


3.6301E-2 


Ufp 


6.3642E-1 


2.6492E-1 


a 3 


-9.4523 


-9.0925 


hep 


-1.4015 


-1.1624 


Cl 


-2.4254E 2 


-4.0113E 2 


llMP 


3.7366E-1 


4.0328E-1 








ai 


1.9400E-1 


1.9400E-1 








02 


-6.3200E-1 


-6.3200E-1 








«3 


-1.5603 


6.4024 








Cl 


-7.5060E 1 


-1.1388E 2 
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Table 3.4 The predicted amplitudes with the effective weak Hamiltonian Horrent + T~Lird lP i 
data set 1 and the parameters in Table 3.2. A exp and B exp correspond to the experimental 
data. A tree and B tree are the tree level amplitudes. AAi oop and ABi oop are the summation of 
the chiral logarithmic corrections of the one-loop graphs. They are represented by AAi oop = 
AA octet + AAdecupiet and ABi oop = AB octet + ABd ecup iet- A t h eory and B t h eory are the total 
amplitude of the chiral perturbation theory, which are represented by A theory = A tree + AAi oop 
and B^^y = B tree + ABi oop . 



S-wave: 



decay mode 


A 


A-theory 


Atree 


AAi 00 p 


AA octet 


^^decuplet 


£- 


1.93 ±0.01 


2.469 


-0.4684 


2.937 


2.905 


0.03211 




0.06 ±0.01 


-0.1838 


0.0 


-0.1838 


-0.06445 


-0.1193 




-1.48 ±0.05 


-0.7049 


0.4723 


-1.177 


-1.964 


0.7863 


A o 


-1.07 ±0.02 


-0.4723 


0.4571 


-0.9293 


-0.7257 


-0.2036 




1.47 ±0.01 


1.883 


-0.4680 


2.351 


1.724 


0.6277 




-2.04 ±0.01 


-2.544 


0.5362 


-3.080 


-3.053 


-0.02747 


"0 


1.54 ±0.03 


0.8338 


-0.5217 


1.356 


1.909 


-0.5536 



P-wave: 



decay mode 




Btheory 


Btree 


ABioop 


ABoctet 


ABdecuplet 


E~ 


-0.65 ± 0.07 


0.8623 


0.9363 


-0.07397 


12.05 


-12.13 


*t 


19.07 ±0.07 


17.56 


5.996 


11.56 


-12.37 


23.93 




12.04 ±0.58 


14.18 


3.857 


10.32 


-16.95 


27.27 


K 


-7.14 ±0.56 


-7.237 


-2.674 


-4.563 


45.35 


-49.92 




9.98 ±0.24 


9.912 


2.401 


7.511 


-65.16 


72.67 




6.93 ±0.31 


7.567 


-1.341 


8.909 


26.63 


-17.72 


"0 


-6.43 ±0.66 


-5.529 


1.327 


-6.856 


-18.20 


11.35 
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Table 3.5 The predicted amplitudes with the effective weak Hamiltonian H^^ent+^nt^ 
and data set 1. A exp and B exp correspond to the experimental data. A tree and B tree are the tree 
level amplitudes. AAi oop and AB[ oop are the summation of the chiral logarithmic corrections 
of the one-loop graphs. They are represented by AA loop = AA octet + AA decuplet and AB loop = 
AB octet + AB decup i et . A theory and B theory are the total amplitude of the chiral perturbation 
theory, which are represented by A theory = A tree + AA loop and B theory = B tree + AB loop . 



S-wave: 



decay mode 


A 


■^-theory 


Atree 


AAi 00 p 


AAoctet 


^^decuplet 




1.93 ±0.01 


3.455 


0.05723 


3.398 


1.938 


1.460 


K 


0.06 ±0.01 


-0.09483 


0.0 


-0.09483 


-0.04009 


-0.05474 




-1.48 ±0.05 


-1.405 


0.1061 


-1.511 


-1.287 


-0.2243 


A o 


-1.07±0.02 


-0.2096 


0.03464 


-0.2442 


-0.8104 


0.5662 


A° 


1.47 ±0.01 


1.499 


0.1363 


1.363 


1.809 


-0.4460 




-2.04 ±0.01 


-3.393 


-0.08803 


-3.305 


-1.972 


-1.332 


"0 


1.54 ±0.03 


1.463 


-0.08577 


1.548 


1.178 


0.3707 



P-wave: 



decay mode 




^theory 


Btree 


ABloop 


AB oc t e t 






-0.65 ±0.07 


0.9010 


0.5866 


0.3144 


3.365 


-3.051 


K 


19.07 ±0.07 


17.50 


3.079 


14.42 


-5.204 


19.63 




12.04 ±0.58 


14.20 


2.053 


12.15 


-5.727 


17.88 


K 


-7.14 ±0.56 


-7.251 


-1.001 


-6.250 


17.86 


-24.11 




9.98 ±0.24 


9.906 


-0.01803 


9.925 


-26.34 


36.26 




6.93 ±0.31 


7.568 


0.06998 


7.498 


11.24 


-3.737 


"0 


-6.43 ±0.66 


-5.518 


0.3436 


-5.862 


-7.270 


1.409 
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Table 3.6 The amplitudes for each operator in the tree level calculation with the effec- 
tive weak Hamiltonian Horrent + 1~tfnt P an d data set 1. The first column corresponds to 
the operator types of the effective Hamiltonian ( |2.2j ) and (2.16). The second row shows the 
experimentally obtained data. 



S-wave: 



vertex 


EI 




^0 


A 


A° 




"0 


exp. 


1.93 


0.06 


-1.48 


-1.07 


1.47 


-2.04 


-1.54 


O x 


0.2180 


0.0 


-0.1542 


-0.1378 


0.1949 


-0.2202 


0.1557 


o 2 


0.01382 


0.0 


-0.009770 


-0.008735 


0.01235 


-0.01396 


0.009868 


o 3 


0.01331 


0.0 


-0.009408 


-0.008411 


0.01190 


-0.01344 


0.009502 


o A 


0.06653 


0.0 


0.09408 


0.08411 


0.05948 


-0.06719 


-0.09502 


o 51 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


52 


0.0007510 


0.0 


-0.0005311 


-0.0004467 


0.0006318 


-0.0007758 


0.0005486 


o 53 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


Oex 


-0.02103 


0.0 


0.01487 


0.01251 


-0.01769 


0.02172 


-0.01536 


62 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


njS±iP 

rL int 


-0.7598 


0.0 


0.5372 


0.5159 


-0.7295 


0.8300 


-0.5869 



P-wave: 



vertex 


s: 




T+ 

^0 


A 


A°_ 




"0 


exp. 


-0.65 


19.07 


12.04 


-7.14 


9.98 


6.93 


-6.43 


Ox 


0.4317 


0.0 


-0.3053 


1.066 


-1.508 


0.5847 


-0.4135 


o 2 


0.02736 


0.0 


-0.01935 


0.06759 


-0.09559 


0.03706 


-0.02621 


o 3 


0.02635 


0.0 


-0.01863 


0.06509 


-0.09205 


0.03569 


-0.02523 




0.1317 


0.0 


0.1863 


-0.6509 


-0.4602 


0.1784 


0.2523 


51 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


52 


0.001240 


0.01128 


0.007101 


-0.006488 


0.009176 


-0.005211 


0.003685 


o 53 


-0.001368 


0.0 


0.0009674 


-0.003380 


0.004779 


-0.001853 


0.001310 


Oex 


-0.03472 


-0.3159 


-0.1988 


0.1817 


-0.2569 


0.1459 


-0.1032 


6 2 


0.03831 


0.0 


-0.02709 


0.09463 


-0.1338 


0.05188 


-0.03669 


n/S±iP 

rL int 


0.3157 


6.301 


4.232 


-3.489 


4.934 


-2.368 


1.675 
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Table 3.7 The amplitudes for each operator, which are derived from the one-loop calcula- 
tion with the effective weak Hamiltonian Ti^rrent + ^-tnt P an d data set 1. The first column 
corresponds to the operator types of the effective Hamiltonian ( |2.2p and (2.16). The second 
row shows the experimentally obtained data. 



S-wave: 



vertex 


XT 


K 


y+ 


A° 
yi o 






"0 


exp. 


1.93 


0.06 


-1.48 


-1.07 


1.47 


-2.04 


-1.54 


O x 


0.8530 


0.03913 


-0.5675 


-0.8295 


1.182 


-1.275 


0.9032 


o 2 


0.05406 


0.002480 


-0.03597 


-0.05257 


0.07492 


-0.08080 


0.05724 


o 3 


0.1296 


0.004146 


-0.08691 


-0.05800 


0.08250 


-0.1622 


0.1134 


o A 


0.3841 


-0.07977 


0.4795 


0.4600 


0.3195 


-0.3399 


-0.4790 


o 51 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


52 


-0.01267 


0.00001678 


0.008974 


0.05773 


-0.08168 


0.02882 


-0.02036 


o 53 


-0.1266 


0.004708 


0.08431 


0.06087 


-0.08676 


0.1230 


-0.08344 


Oex 


0.3548 


-0.0004700 


-0.2513 


-1.616 


2.287 


-0.8070 


0.5701 


62 


3.545 


-0.1318 


-2.361 


-1.704 


2.429 


-3.444 


2.336 


njS±iP 

rL int 


-2.244 


-0.02220 


1.552 


2.753 


-3.856 


2.877 


-2.042 



P-wave: 



vertex 


XT 


K 


y+ 


A o 


A 




"0 


exp. 


-0.65 


19.07 


12.04 


-7.14 


9.98 


6.93 


-6.43 


Ox 


0.5927 


7.247 


4.705 


-1.630 


2.305 


0.008264 


-0.005844 


o 2 


0.04233 


0.4647 


0.2987 


-0.1014 


0.1434 


0.004622 


-0.003268 


o 3 


0.06285 


-0.2282 


-0.2058 


0.1922 


-0.2718 


-0.1290 


0.09123 




0.9896 


-0.004056 


1.397 


0.4862 


0.3438 


-0.2587 


-0.3658 


51 


-7.953E-4 


-8.974E-4 


-7.224E-5 


-3.121E-4 


4.414E-4 


-6.831E-4 


4.830E-4 


52 


-0.8894 


-0.3386 


0.3895 


-1.813 


2.564 


-1.055 


0.7461 


o 53 


0.1745 


0.7492 


0.4066 


-0.3720 


0.5251 


-0.3250 


0.2301 


Oex 


24.90 


9.480 


-10.91 


50.76 


-71.79 


29.55 


-20.89 


6 2 


-4.885 


-20.98 


-11.39 


10.42 


-14.70 


9.100 


-6.443 


n/S±iP 

rL int 


-21.06 


15.17 


25.62 


-62.50 


88.39 


-27.98 


19.79 
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Table 3.8 The amplitudes for each operator in the tree level calculation with the effec- 
tive weak Hamiltonian Horrent + ^Ynt A an d data set 1. The first column corresponds to the 
operator types of the effective Hamiltonian ( |2.2| ) and (2.15). The second row shows the ex- 
perimentally obtained data. 



S-wave: 



vertex 


s: 


K 




A 


A°_ 






exp. 


1.93 


0.06 


-1.48 


-1.07 


1.47 


-2.04 


-1.54 




0.2180 


0.0 


-0.1542 


-0.1378 


0.1949 


-0.2202 


0.1557 


o 2 


0.01382 


0.0 


-0.009770 


-0.008735 


0.01235 


-0.01396 


0.009868 


3 


0.01331 


0.0 


-0.009408 


-0.008411 


0.01190 


-0.01344 


0.009502 


4 


0.06653 


0.0 


0.09408 


0.08411 


0.05948 


-0.06719 


-0.09502 


O51 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


O52 


-2.105E-5 


0.0 


1.489E-5 


8.426E-5 


-1.192E-4 


7.247E-5 


-5.124E-5 


o 53 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


6 i 


0.0005894 


0.0 


-0.0004168 


-0.002359 


0.003336 


-0.002029 


0.001435 




0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


T-/V-A 

n int 


-0.05072 


0.0 


0.03587 


-0.008023 


0.01135 


0.02539 


-0.01795 



P-wave: 



vertex 


SI 




y+ 


A 


A 




"0 


exp. 


-0.65 


19.07 


12.04 


-7.14 


9.98 


6.93 


-6.43 


Ox 


0.4317 


0.0 


-0.3053 


1.066 


-1.508 


0.5847 


-0.4135 


2 


0.02736 


0.0 


-0.01935 


0.06759 


-0.09559 


0.03706 


-0.02621 


o 3 


0.02635 


0.0 


-0.01863 


0.06509 


-0.09205 


0.03569 


-0.02523 




0.1317 


0.0 


0.1863 


-0.6509 


-0.4602 


0.1784 


0.2523 


o 51 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




-4.622E-4 


-8.578E-4 


-2.797E-4 


1.235E-3 


-1.746E-3 


1.528E-3 


-1.080E-3 


053 


-0.001368 


0.0 


0.0009674 


-0.003380 


0.004779 


-0.001853 


0.001310 


On 


0.01294 


0.02402 


0.007832 


-0.03457 


0.04890 


-0.04278 


0.03025 


62 


0.03831 


0.0 


-0.02709 


0.09463 


-0.1338 


0.05188 


-0.03669 


T-iV-A 
n int 


-0.2121 


0.4736 


0.4848 


-0.04624 


0.06539 


0.2913 


-0.2060 
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Table 3.9 The amplitudes for each operator, which are derived from the one-loop calcula- 
tion with the effective weak Hamiltonian Tl^rreat + ^int A an d data set 1. The first column 
corresponds to the operator types of the effective Hamiltonian ( |2.2| ) and (2.15). The second 
row shows the experimentally obtained data. 



S-wave: 



vertex 






T+ 
^0 


A° 
yi o 


A°_ 




"0 


exp. 


1.93 


0.06 


-1.48 


-1.07 


1.47 


-2.04 


-1.54 




0.8530 


0.03913 


-0.5675 


-0.8295 


1.182 


-1.275 


0.9032 


o 2 


0.05406 


0.002480 


-0.03597 


-0.05257 


0.07492 


-0.08080 


0.05724 


3 


0.1296 


0.004146 


-0.08691 


-0.05800 


0.08250 


-0.1622 


0.1134 


4 


0.3841 


-0.07977 


0.4795 


0.4600 


0.3195 


-0.3399 


-0.4790 


O51 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


O52 


-0.04769 


-2.247 


0.03372 


0.1913 


-0.2706 


0.1004 


-0.07101 


o 53 


-0.02115 


0.004708 


0.009744 


-0.01165 


0.01580 


0.007148 


-0.001518 




1.335 


0.00006291 


-0.9442 


-5.357 


7.576 


-2.812 


1.988 


62 


0.5923 


-0.1318 


-0.2728 


0.3262 


-0.4424 


-0.2001 


0.04251 


T-/V-A 

n int 


-1.055 


0.0001877 


0.7451 


4.919 


-6.956 


2.511 


-1.776 



P-wave: 



vertex 


SI 




^0 


AO 


A° 




"0 


exp. 


-0.65 


19.07 


12.04 


-7.14 


9.98 


6.93 


-6.43 


Ox 


0.5927 


7.247 


4.705 


-1.630 


2.305 


0.008264 


-0.005844 


2 


0.04233 


0.4647 


0.2987 


-0.1014 


0.1434 


0.004622 


-0.003268 


o 3 


0.06285 


-0.2282 


-0.2058 


0.1922 


-0.2718 


-0.1290 


0.09123 




0.9896 


-0.004056 


1.397 


0.4862 


0.3438 


-0.2587 


-0.3658 


o 51 


-7.953E-4 


-8.974E-4 


-7.224E-5 


-3.121E-4 


4.414E-4 


-6.831E-4 


4.830E-4 




-1.617 


-1.384 


0.1645 


-2.453 


3.469 


-1.508 


1.067 


053 


0.6537 


-0.1189 


-0.5461 


1.436 


-2.032 


0.9439 


-0.6671 


On 


45.27 


38.76 


-4.605 


68.69 


-97.14 


42.24 


-29.87 


62 


-18.30 


3.329 


15.29 


-40.22 


56.90 


-26.43 


18.68 


T-iV-A 
n int 


-27.28 


-31.00 


-2.629 


-34.20 


48.36 


-8.436 


5.969 
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B B B ^ B 

(a) (b) 

Figure 2.1: AS = 1 hyperon non-leptonic weak decay diagrams of quark currents, (a) cor- 
responds to the weak interaction between two hadronic currents which are color singlet, (b) 
corresponds to the weak interaction inside the hyperon. 
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